Abstract. This paper describes an Information Retrieval engine that is used to support our Chinese-Portuguese machine translation services when no internet connection is available. Our mobile translation app, which is deployed on a portable device, relies by default on a server-based machine translation service, which is not accessible when no internet connection is available. For providing translation support under this condition, we have developed a contextualized off-line search engine that allows the users to continue using the app.
Introduction
Machine translation applications have gained a lot of popularity in recent years. Currently, statistical approaches to machine translation are dominating the market, as they allow for automatically learning translation tables from parallel corpora (Brown et al 1993 , Koehn et al 2003 . The main problem for this approaches is the high amount of resources they consume regarding to memory and computational power. Due to this, most translation applications operate under a client-server architecture in which the client only provides a dummy interface while all the computations are carried out on a remote server. The main limitation of this scheme is that the client required internet connection to be available. In this work, we present a search-based strategy for supporting machine translation services when internet connection is not available. More specifically, our proposed strategy, which is based on Information Retrieval technologies, is designed to support our Chinese-Portuguese translation service that has been deployed at the client side as a mobile app. The proposed strategy, allows for the mobile app to continued operating, with limited capabilities, on off-line mode when no internet connection is available. The off-line mode also includes contextualization strategies that allow improving the system performance based on user preferences, location and time.
The rest of the paper is structure as follows. In section 2, we describe the original Chinese-Portuguese on-line translation service. In section 3, we present the proposed off-line mode strategy and its contextualization capabilities. Finally, in section 4, we present our conclusion and proposed future directions of research.
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Chinese-Portuguese On-line Translation Services
In this section we describe the original Chinese-Portuguese on-line translation service. First, we present a brief overview on the Chinese-Portuguese machine translation engine (the server side), and then we present a detailed description of the mobile app that connects to this service (the client side).
Chinese-Portuguese Translation System
In order to build our machine translation system, we have used a standard phrasebased statistical machine translation based on Moses (Koehn et al., 2007) . This wellknown approach splits the source sentence to translate in segments and it assigns to each segment a bilingual phrase from a phrase- Our system is a corpus-based approach where the key for translation quality is regarding the quality and quantity of the corpus used for training. Generally speaking, translation between distant language pairs follows pivot approaches through English (or other major-resourced language) because of the lack of parallel data to train the direct approach. The main advantage of our system is that we are using the direct approach and at the same time, we rely on a rather large corpus which has been properly preprocessed.
Regarding data preprocessing we have done the following:
 For Chinese, we have segmented the data using the Stanford Segmenter tool (Tseng et al., 2005) .  For Portuguese, we have true cased the data and tokenized it with Moses tools.
Moses was used with the standard configuration. Different training domain corpus where concatenated to a single training corpus. We have corpora from different domains available. In particular we have used the following ones:
 TAUS. Data provided by this organization include translation memories of technical content.  In-house. This corresponds to a small corpus in the transportation and hospitality domains Statistics for the training corpus are presented in Table 1 . Just to give an idea of the quality of our translation system we report the automatic and human evaluation results for Chinese-Portuguese. For fine-tuning the translation engines, we have used the TAUS development dataset and, then, we have tested with the TAUS and Inhouse test. Results are shown in terms of the standard metric BLEU in Table 2 . 
Chinese-Portuguese Translation App
The Android app for the Chinese-Portuguese translation client was programmed with the Android development tools (ADT). It is a plug-in for the Eclipse IDE that provides the necessary environment for building an app. The Android-based app is depicted in Figure 1 . For the communication between the Android app and the server we use the HTTPClient interface. Among other things, it allows a client to send data to the server via, for instance, the POST method, as used on the website case.
In addition to the base translation system, the app also incorporates Automatic Speech Recognition (ASR), Optical Character Recognition technologies as input methods (OCR), Image retrieval and Language detection (Centelles et al., 2013) . Also, the system uses a database to store the translation performed by the system and keep track of the most used translations. To create the databases we used the popular open source database management system: MySQL. 
Off-line Search-based Translation System
In this section we describe our proposed search-based off-line strategy to support the Chinese-Portuguese translation service. First, we describe our search engine implementation for translation, and then, we present the developed contextualization strategy for improving the performance of the system.
Search Engine for Translation
In most information retrieval applications the user provides a query aiming at recovering documents that are relevant to the query. The translation task can be seen as conceptually similar, in the sense that the user provides a source sentence to be translated (a query) aiming at obtaining a meaningful translation for it. In our proposed approach to translating by means of information retrieval we construct two composed indexes, one in each language, in which pointers to each other are also included. This index construction is performed in three steps:
 Common translation collection: we collect the most commonly Chinese and Portuguese sentences and their respective translations from the translation service. This bilingual data collection is updated on a monthly basis according to the activity of the on-line registered users.  Bilingual dictionary match: form the collected bilingual sentence pairs, a bilingual dictionary is used to identify Chinese and Portuguese term translations simultaneously occurring in the sentence pairs, which are replaced by entry codes in the dictionary. The entries of the used bilingual dictionary correspond with nouns and adjectives that are commonly observed in the translated pairs.  A Chinese index in constructed by using the processed Chinese sentences and, in the same way, a Portuguese index is constructed by using the processed Portuguese sentences. The two indexes include pointers to each other so each Portuguese sentence points to its corresponding Chinese translation and each Chinese sentence points to its corresponding Portuguese translation.
These indexes are implemented by using the bag-of-words approach, for which the TF-IDF weighting scheme is used (Salton and Buckley 1988) . For searching across the indexes, cosine similarity metric is used for ranking the retrieved outputs. Given a user input in the source language, the retrieval process is implemented in two steps:
 Dictionary match: the input sentence is evaluated for occurrences of terms from the bilingual dictionary. In case a term is detected, it is replaced by its corresponding entry code.  Source search: two searches are performed over the source language index, the first one involves the original sentence provided by the user, and the second one involves the processed sentence (if terms have been found on it). The retrieved sentence with highest cosine similarity score is then selected.
Finally, the translation is constructed by using the corresponding sentence pair from the target language index:  Sentence extraction: the target sentence corresponding to the selected source sentence is extracted from the target index if the obtained cosine similarity is high enough (current threshold value is 0.85).  Sentence post edition: if the selected target sentence includes one or more dictionary entry codes on it, they are replaced by their corresponding dictionary forms before providing the final translation to the user. Figure 2 , illustrates the index construction, search, and translation generation processes used for the off-line translation system implementation.
Contextualized Translation Services
Finally, in this section we describe our contextualization strategy for improving the quality of the off-line translation service. For providing the system with contextualization capabilities, each requested translation and its corresponding result from the online service are logged in the system along with the following types of metadata:  User information: unique identification number for the user requesting the translation.
Fig. 2.
Proposed approach for off-line translation by means of an information retrieval strategy over the collection of the most commonly requested translation pairs.
 Location information: spatial coordinates as provided by the GPS service of the mobile device at the moment the translation was requested.  Time information: time stamp for the specific hour and day at which the translation was requested.  Semantic information: a semantic categorization of the specific topic the requested translation belongs to.
These four types of metadata are used to train a personalized predictive model able to estimate which are the most probable translations the current user might be requesting in the next 24 hours, based on the current context (user-location-time) and previous translation history.
This model is updated every time the system is using the online mode, and the corresponding translation indexes and dictionaries are refreshed based on the model predictions. In this way, when going off-line, a personalized and contextualized translation service is locally available for the user.
Conclusions and Future Work
In this work, we have described an Information Retrieval engine that is used to support our Chinese-Portuguese machine translation services when no internet connection is available. Our mobile translation app, which is deployed on a portable device, relies by default on a server-based machine translation service, which is not accessible when no internet connection is available. For providing translation support under this condition, we have developed a contextualized off-line search engine that allows the users to continue using the app.
As future work we plan to improve our off-line solution by incorporating predictive suggestions, so the system can suggest source sentences to the user by using partial inputs as queries for searching across the source index. We also want to improve the contextualization capabilities by including user dependent models for spatial and time localization.
